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(54) Multicarrier transmission, compatible with the existing GSM system 



(57) The present invention relates to a transmission 
method and a transmission apparatus for transmitting 
signals on the basis of a OFDM/TDMA-system, wherein 
a plurality of subcarriers being orthogonal to each other 
are allocated to a variable number of channels, each 
channel containing a variable number of subcarriers 
depending on information to be transmitted in said sig- 
nals, wherein, for the transmission of said signals in a 
GSM -system having a constant number of predeter- 
mined GSM-frequency channels and a constant 
number of predetermined GSM-timeslots being 
grouped in GSM-frames, the number of said subcarriers 
is allocated corresponding to the bandwidth of said 



GSM-frequency channels, so that a multiple of one 
resulting OFDM/TDMA-timeslot matches with one or a 
multiple of one GSM-timeslots, wherein a pilot symbol is 
allocated to every n-th subcarrier in said GSM-fre- 
quency-channels, whereby n is an integer and >1, and 
wherein said signals are transmitted. 

The present invention also proposes a receiving 
method and a receiving apparatus for receiving corre- 
sponding signals. Thereby, a reliable channel estimate 
and equalization can be performed. 
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Description 

[0001 ] The present invention relates to a transmission 
method and a transmission apparatus for transmitting 
signals on the basis of an OFDM-TDMA-system accord- 
ing to claim 1 and claim 5, respectively, and further to a 
receiving method and a receiving apparatus for receiv- 
ing signals transmitted by means of such a transmission 
method according to claim 9 and claim 12, respectively. 
[0002] A transmission method and a transmission 
apparatus for transmitting signals on the basis of a 
OFDIWTDMA-system are explained relating to figs. 1 - 4 
of the present application. In such a transmission 
method and apparatus, a plurality of subcarriers 1 being 
orthogonal to each other can be allocated to a variable 
number of channels U 0 , Lh ... Ug, each channel U 0 , U 1 
... U 9 containing a variable number of subcarriers 1 
depending on information to be transmitted as shown in 
figs. 1 - 4. Fig. 1 shows a group of ten frequency chan- 
nels U 0 . ... U 9 . Each frequency channel U 0 , U 1 ... U 9 
can contain a variable number of subcarriers depending 
on information to be transmitted, as shown for the chan- 
nels U 0 and Ui in Fig. 2. The channel l) 0 contains a plu- 
rality of subcarriers 1, and the channel Ui contains a 
number of subcarriers 1 different from channel U 0 . In a 
transmission method and the transmission apparatus 
for transmitting signals on the basis of a OFDM/TDMA- 
system, a variable number of subcarriers 1 can be allo- 
cated to each channel depending on the amount of 
information to be transmitted. The channel U 0 shown in 
Fig. 2 contains 21 subcarriers 1, whereas the channel 
U-, shown in Fig. 2 contains only 10 subcarriers 1. 
Therefore, the channel U 0 can be transmitted by more 
than twice the transmission rate of the channel U 0 . On 
the border of each channel U 0 , Ui ... U 9 , a single sub- 
carrier having zero power is placed as guard band 2 to 
minimize interference to users placed in the adjacent 
frequency band or to fulfill certain spectrum masks. If 
the influence of an interference by the band in the neigh- 
borhood is small, the guard band 2 need not to be pro- 
vided, whereas, when the influence is excessive, a 
plurality of guard bands 2 can be provided. 
[0003] The subcarriers 1 are generated by orthogonal 
frequency division multiplex (OFDM) processing. As 
shown in Fig. 3, W(f) indicates a wave form indicating an 
energy on the frequency axis and B(Hz) indicates the 
distance between two adjacent subcarriers. The OFDM 
processing provides for a multi-subcarrier-system, 
wherein the number of channels which can be multi- 
plexed is not limited by an interference from the other 
channels and can be freely determined depending on 
the bandwidth to be allocated. By changing the number 
of the subcarriers to be allocated to the different chan- 
nels, it is possible to change the transmission rate or to 
achieve a variable transmission rate. The subcarriers 
between the respective channels can be easily sepa- 
rated by means of a filter, thereby making it possible to 
prevent deterioration of S/N characteristics. Since the 



OFDM processing is used for the multi-subcarrier mod- 
ulation, a guard band S is not necessarily needed 
between different channels, thereby achieving a very 
high spectral efficiency. Further on, because fast Fou- 

5 rier transformation can be utilized, the necessary 
processing can be rapid and small. 
[0004] Further on, the number of channels in each 
group of channels can be varied, as shown in Fig. 4. In 
Fig. 4, a group of six channels U 0 , U-j ... U 5 is shown. In 

10 a OFDM/TDMA-system, the number of channels in a 
group of channels can be varied within the system fre- 
quency band depending on information to be. trans- 
ferred. 

[0005] In the known and standardized GSM-System, 

is a type of single carrier frequency modulation called 
GM8K is used. The frequency channels are constant 
and the spacing (bandwidth) between adjacent fre- 
quency channels is 200 kHz. The number of FDMA- 
channels is 124 and a time division multiple access 

20 (TDMA) is used to support the number of parallel con- 
nections. The TDMA scheme in the GSM-System is 8 
GSM-timeslots within one time frame. The GSM-times- 
lot length is 576,9 \is (15/26 ms), as is shown in Fig. 5. 
As can be seen in Fig. 5, the transmitted GSM-timeslots 

25 are not fully occupied by the transmitted burst to reduce 
interference from adjacent GSM-timeslots if the system 
is not perfectly synchronized. The guard period is 8,25 
bits, which corresponds to 30,5 \xs. The guard period is 
divided in two parts, wherein one of the parts is located 

30 at the beginning of the GSM time slot, and the other part 
is located at the end of the GSM-timeslot. 
[0006] A GSM time frame consists of 8 GSM time slots 
and has therefore a length of 4615,4 jis, as is shown in 
Fig. 6. The GSM-system supports slow frequency hop- 

35 ping, which is explained in Fig. 6. The shown GSM- 
timeslot 3 is a receiving timeslot. According to the time 
division duplex (TDD)-system of the GSM-system, a 
corresponding transmission GSM-timeslot 4 is transmit- 
ted some timeslots later. Further on, the GSM-system 

40 makes use of the frequency division duplex (FDD)-sys- 
tem with 45 MHz between uplink and downlink, so that 
the transmission GSM-timeslot 4 is transmitted in the 
corresponding uplink frequency band, when the receiv- 
ing GSM-timeslot 3 had been sent in the uplink fre- 

45 quency band, or vice versa. The next succeeding 
receiving GSM-timeslot 5 is of course transmitted in the 
same uplink or downlink frequency band as the preced- 
ing GSM-timeslot 3, but in a different frequency chan- 
nel, according to the slow frequency hopping. The 

so frequency hopping improves, together with the inter- 
leaving procedure, the transmission of the signals in 
view of the frequency and interference diversity. The 
usual interleaving depth in the GSM-system is 36,923 
ms corresponding to 8x8 GSM-timeslots. 

55 [0007] When transmitting signals between a base sta- 
tion and one or more mobile stations, the mobile chan- 
nel introduces multipath distortion on the signaling wave 
forms. Both the amplitude and phase are corrupted as 
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the channel characteristics changes because of move- 
ments of the mobile station. In order to perform a coher- 
ent detection of the transmitted signals, reliable channel 
estimates are required. This can be obtained by occa- 
sionally transmitting known data or so-called pilot sym- 5 
bols. The corresponding receiving side interpolates the 
channel information derived from the pilot symbols to 
obtain a channel estimate for equalizing the received 
data signal. The pilot symbol is thereby known both by 
the transmitting and the receiving apparatus. w 
[0008] The object of the present invention is therefore 
to provide a transmission method and a transmission 
apparatus for transmitting signals on the basis of an 
GSM compatible OFDM-TDM A-system and further a 
receiving method and a receiving apparatus for receiv- 15 
ing such signals, which allow for a reliable channel esti- 
mation on the receiving side. 

[0009] This object is achieved by a transmission 
method according to claim 1, a transmission apparatus 
according to claim 5, a receiving method according to 20 
claim 9 and a receiving apparatus according to claim 
12. The above object is also achieved by a transmission 
system according to claim 15. 

[001 0] Advantageous features of the present invention 
are defined in the respective subclaims. 2s 
[0011] The transmission method for transmitting sig- 
nals on the basis of a OFDM/TDMA-system comprises 
the steps of 

allocating a plurality of subcarriers being orthogo- 30 
nal to each other to a variable number of channels, 
each channel containing a variable number of sub- 
carriers depending on information to be transmitted 
in said signals, 

wherein, for the transmission of said signal in a 35 
GSM-system having a constant number of prede- 
termined GSM-frequency channels and a constant 
number of predetermined GSM-timeslots being 
grouped in GSM-frames, a number of said subcar- 
riers is allocated corresponding to the bandwidth of 40 
said GSM-frequency channels, so that a multiple of 
one resulting OFDM/TDMA-timeslots matches with 
one or a multiple of one GSM-timeslot, wherein a 
pilot symbol is allocated to every n-th subcarrier, 
whereby n is an integer and n> 1 , and 45 
transmitting said signals. 

[0012] The transmission apparatus for transmitting 
signals on the basis of a OFDM/TDMA-system accord- 
ing to the present invention comprises so 

allocation means for allocating a plurality of subcar- 
riers being orthogonal to each other to a variable 
number of channels, each channel containing a var- 
iable number of subcarriers depending on informa- ss 
tion to be transmitted in said signals, wherein 
said allocation means, for the transmission of said 
signals in a GSM-system having a constant number 
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of predetermined GSM-frequency channels and a 
constant number of predetermined GSM-timeslots 
being grouped in GSM-frames, allocate a number 
of said subcarriers corresponding to the bandwidth 
of said GSM-frequency channels so that a multiple 
of one resulting OFDM/TDMA-timeslot matches 
with one or multiple of one GSM-timeslot and for 
allocating a pilot symbol to every n-th subcarrier, 
whereby n is an integer and n>1 , and 
transmission means for transmitting said signals. 

[0013] In the presented transmission system, the sig- 
nals are transmitted in or on the basis of an 
OFDM/TDMA-system, which is backward compatible to 
the standardized GSM-system. The transmission band 
of this OFDM/TDMA-system can be the same or can be 
different from the known GSM frequency band. A 
respective number of subcarriers of the OFDM/TDMA- 
system are allocated so that their bandwidth matches or 
corresponds to the bandwidth or a multiple of the band- 
width of the GSM frequency channels. Signals formed 
in an OFDM/TDMA system can in this way be transmit- 
ted and/or received also in an GSM-system. 
[0014] The allocation of pilot symbol to every n-th 
subcarrier according to the present invention allows an 
accurate and reliable channel measurement and conse- 
quently a reliable correction of the received data signals 
on the receiving side. In case that a multiple of one 
OFDM/TDMA-timeslot matches with one GSM-timeslot, 
the pilot symbols in adjacent OFDM/TDMA-timeslots 
are advantageously frequency interlaced in respect to 
each other. Thereby, not only a frequency interpolation, 
but also a time interpolation of the channel transfer 
function on the receiving side is enabled to assure a reli- 
able correction of the received data signals. The pilot 
symbols Jn adjacent OFDM/TDMA-timeslots can be 
symmetrically interlaced, whereby one pilot symbol is 
allocated to a subcarrier in the frequency middle 
between two respective pilot symbols of an adjacent 
OFDM/TDMA-timeslot. Thereby, an optimized interpola- 
tion on the basis of the received pilot symbols for esti- 
mating the channel transfer function on the receiving 
side can be performed. 

[0015] In a further advantageous embodiment of the 
present invention, 48 of said subcarriers are allocated 
corresponding to the bandwidth of said GSM-frequency 
channels, so said 2 OFDM/TDMA-timeslots match with 
1 GSM-timeslot, whereby n = 6 or n = 8. By choosing 
these parameters, the number of used pilot symbols is 
optimized. The use of pilot symbols for a channel func- 
tion estimation introduces an overhead to the transmit- 
ted signals, which cannot be used for the transmission 
of data signals, and it is thus desirable to keep the 
number of pilot symbols low. On the other hand, a high 
number of pilot symbols is required on the receiving 
side to assure a reliable channel function estimate for a 
correction of the received data signals. The presented 
parameters define an optimized choice in view of these 
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contradicting criteria. Further on, these parameters are 
chosen in view of the use of the present invention in an 
indoor environment, in which the channel transfer func- 
tion, e. g. the channel attenuation, is a generally flat 
curve. In this case, only a small number of pilot symbols 5 
is necessary for a usable estimation. In an outdoor envi- 
ronment, however, a larger number of pilot symbols in 
each transmission channel, for example an GSM-fre- 
quency channel is necessary to enable the estimation 
of a usable channel transfer function. The reason is that w 
in an outdoor environment, the channel transfer func- 
tion, e. g. the channel attenuation, can have large varia- 
tions due to multipath effects and a faster moving speed 
of the mobile stations. Therefore, it is necessary to tailor 
the pilot symbols to each base station side and also to 75 
choose the number of transmitted pilot symbols corre- 
spondingly. The parameters defmed in the subclaims 4 
and 8 are particularly useful in an indoor environment, 
in which the channel attenuation has a generally flat 
curve and the moving speed of the mobile stations is 20 
comparatively low. 

[0016] In the transmission apparatus and the trans- 
mission method, the number of subcarriers to be allo- 
cated corresponding to the bandwidth of one GSM- 
frequency channel can be chosen, so that several 25 
OFDM/TDMA-timeslots are mapped into one GSM- 
timeslot, or several OFDM/TDMA-timeslots are mapped 
into several GSM-timeslots, e.g. eight GSM-timeslots 
(one GSM-frame). In the OFDM/TDMA-system, the 
transformation of one or a plurality of the subcarriers 30 
into the time domain results in a OFDM/TDMA-time 
burst. According to the present invention, one 
OFDM/TDMA timeslot contains essentially one 
OFDM/TDMA-time burst. 

[001 7] A very important consequence of the mapping 35 
of the OFDM/TDMA-timeslots into the GSM-timeslots is 
that the same interleaving depth as in a standard GSM- 
system can be obtained. A standard GSMrinterleaving 
depth is 8x8 GSM-timeslots (approx. 36,923 ms). In the 
present invention, one or more OFDM/TDMA-timeslots 40 
(e. g. two, four, ...) are mapped into one GSM-timeslot. 
Therefore, the information units to be transmitted 
according to the system of the present invention can be 
smaller than in the standard GSM-system. This is 
advantageous in view of the interleaving depth. If, for 45 
example, two OFDM/TDMA-timeslots are mapped into 
one GSM-timeslot, and 8 OFDM/TDMA-timeslots form 
one frame (8-TDMA), an interleaving depth of 8 frames 
(same as GSM) results in a total interleaving delay of 
1 8,461 ms, which is half of the corresponding total inter- so 
leaving delay of 36,923 ms in the GSM-system. There- 
fore, the transmission of information in a system 
according to the present invention can have a smaller 
overall delay with the same interleaving (frequency and 
interference diversity. An interleaving depth of 16 ss 
frames (approx. 36,923ms) results in the same overall 
delay as in the standard GSM-system, but is much more 
reliable in view of transmission problems (time-, fre- 



quency- and interference diversity). For the transmis- 
sion of speech signals; usually a smaller interleaving 
delay is desired due to the real time requirements. For 
example, for the transmission of speech signals inter- 
leaving depths smaller than 40 ms and short time- 
frames (4-10 ms) are advantageous. For the transmis- 
sion of data signals, the real time requirements are not 
so important, so that a longer interleaving depth can be 
chosen to improve the data transmission reliability. 
[0018] Advantageously, the signals to be transmitted 
are interleaved with a total interleaving delay corre- 
sponding to 8x8 GSM-timeslots. Alternatively, the sig- 
nals to be transmitted are interleaved with a total 
interleaving delay corresponding to 4x8 GSM-timeslots. 
[0019] Further on, the allocating step can comprise 
the steps of generating a clock, modulating a signal to 
be transmitted and producing said number of subcarri- 
ers according to said clock, transforming said subcarri- 
ers into time range bursts, and generating said 
OFDM/TDMA-timeslots by adding a guard time, a ramp 
time and an adaptation guard time to each of said time 
range bursts. 

[0020] Correspondingly, the allocation means can 
comprise clock generation means for generating a 
clock a modulation means for modulating a signal to be 
transmitted and producing said number of subcarriers 
according to said clock, a transformation means for 
transforming said subcarriers into time range bursts, 
and a timeslot generation means for generating said 
OFDM/TDMA-timeslots by adding a guard time, a ramp 
time and an adaptation guard time to each of said time 
range bursts. 

[0021] According to further aspects advantageous, 
numbers of subcarriers to be allocated corresponding to 
the bandwidth of said GSM-frequency channels are 
defined, so that the resulting OFDM/TDMA-timeslots 
match well into one or a multiple of one GSM-timeslot. 
[0022] In the following description, the OFDM/TDMA 
signals are formed and transmitted in a GSM system. A 
number of OFDM/TDMA subcarriers is allocated to one 
or more GSM frequency channels in the standardized 
GSM transmission band. The present invention is, how- 
ever, not limited to this example and the OFDM/TDMA 
transmission band can be different from the GSM trans- 
mission band. In this case, the OFDM/TDMA frequency 
channels are different from the GSM frequency chan- 
nels. The subcarriers of the OFDM/TDMA system, how- 
ever, are allocated so that their bandwidth matches or 
corresponds essentially to the bandwidth or a multiple 
of the bandwidth of the GSM frequency channels, to 
assure the compatibility. 

[0023] The present invention is further directed to a 

transmission system according to claim 16. 

[0024] In the following detailed description, the 

present invention is explained by means of preferred 

embodiments relating to the respective drawings, in 

which 
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Fig. 1 shows a first group of channels of an 
OFDM/TDMA-system having variable sizes 
Fig. 2 shows two of the channels shown in Fig. 1 in 
more detail to explain the variable number of sub- 
carriers in each channel, 

Fig. 3 shows the wave form of the subcarriers in the 
two channels shown in Fig. 2 in more detail, 
Fig. 4 shows a second group of channels different 
from the group shown in Fig. 1 to explain the varia- 
ble group size in an OFDM/TDMA-system, 
Fig. 5 shows the structure of a standard QSM- 
timeslot, 

Fig. 6 shows a structure of a standard GSM-frame 
to explain the principle of TDD and FDD in a stand- 
ard GSM-System, 

Fig. 7 shows the general structure of an 
OFDM/TDMA-timeslot, 

Fig. 8 shows the structure of an OFDM/TDMA- 
timeslot in more detail , 

Fig. 9 shows the basic scheme of a transmission 
apparatus according to the present invention, 
Fig. 10 shows the basic scheme of a receiver appa- 
ratus according to the present invention, 
Fig. 11 shows the basic structure of an 
OFDM/TDMA-frame being compatible with a GSM- 
system, 

Fig. 12 shows a time-frequency grid in a common 
OFDM/TDMA- and GSM-system according to the 
present invention, 

Fig. 13 shows a clock generating means for an 
OFDM/TDMA-system according to the present 
invention, 

Fig. 1 4 shows a schematic diagram of the allocation 
of pilot symbols according to the present invention, 
Fig. 1 5 shows an enlarged part of the block diagram 
shown in Fig. 9 for explaining the function of the 
switch means 9b, 

Fig. 16 shows an exemplary channel attenuation 
diagram for an indoor environment for explaining 
the estimation procedure for estimating a channel 
attenuation, and 

Fig. 17 shows an exemplary channel attenuation 
diagram for an outdoor environment for explaining 
the estimation procedure for estimating the channel 
attenuation. 

[0025] The general features of an OFDM/TMDA-sys- 
tem have been explained above relating to figs. 1 - 4. 
The general features of a GSM-system have been 
explained above relating to the figures 5 and 6. Accord- 
ing to the present invention, a number of subcarriers of 
a OFDM/TDMA-system is allocated to each GSM-fre- 
quency channel so that a multiple of one resulting 
OFDM/TDMA-timeslots matches with one ore a multiple 
of one GSM-timeslot. The spacing between two adja- 
cent GSM-frequency channels is 200 kHz, and the 
length of a GSM-timeslot is 1 5/26 ms. According to the 
present invention, one GSM-frequency channel is 



divided into a number of subcarriers. The number of 
subcarriers is chosen, so that a multiple of one resulting 
OFDM/TDMA-timeslot fits well in one or a multiple of 
one GSM-timeslot. A transformation of one subcarrier 

s from the frequency domain into the time domain results 
in an OFDM/TDMA-time burst, which builds the largest 
part of a resulting OFDM/TDMA-timeslot. In Fig. 7, the 
basic structure of an OFDM/TDMA-timeslot is shown. 
The basic structure of an OFDM/TDMA-timeslot con- 

10 tains an OFDM/TDMA-time burst, whereby the length of 
the OFDM/TDMA-timeburst Tqfdm corresponds to the 
effective Modulation Period and depends on the subcar- 
rier-spacing (1/subcarrier-spacing). The subcarrier 
spacing depends thereby on the number of subcarriers 

75 allocated to one GSM-frequency channel of 200 kHz. In 
front of the OFDM/TDMA-time burst Tqfdm. a guard 
time T G (pre-guard time) is located. 
[0026] In Fig. 8, the detailed structure of an 
OFDM/TDMA-timeslot is shown. The length of the 

20 OFDM/TDMA-timeslot corresponds to the modulation 
period and has a length of a in \is. After the transforma- 
tion of the subcarriers into the time domain, whereby the 
OFDM/TDMA-timebursts are produced, a guard time 
consisting of a pre-guard time and a post-guard time is 

25 added to the OFDM-TDMA-timebursts. The 
OFDM/TDMA-timebursts correspond to the effective 
modulation period and have a length of b in \is. The 
length of the pre-guard time located in front of the 
OFDM/TDMA-timebursts in c in \xs and the length of the 

30 post-guard time located behind the OFDM/TDMA-time- 
bursts is e in \xs. Then, before transmitting, the time- 
domain signal is shaped to reduce spurious emissions. 
[0027] Thereby, the ramp of the time domain signal is 
shaped according to a raised cosine function, as shown 

35 in Fig. 8. As can be seen in Fig. 8, the ramp time in the 
front part and the back part of the OFDM/TDMA-times- 
lot, respectively, has a length of d in (is and overlaps 
partially with the pre-guard time and the post-guard 
time, respectively. The length of the post-guard time can 

40 be 0 *is. At the beginning of the OFDM/TDMA-timeslot 
there is located a pre-idle time in front of the ramp time 
and at the end of the OFDM/TDMA-timeslot there is 
located a post-idle time behind the ramp time. The 
length of the pre-idle time and the post-idle time is f in 

45 \is. Therefore, the resulting OFDM/TDMA-timeslot is 
composed of the OFDM/TDMA-timeburst (effective 
modulation period), the guard time consisting of the pre- 
guard time and the post- guard time, the ramp times and 
the pre-idle time and the post-idle time. The length b of 

so the OFDM/TDMA-timeburst depends on the subcarrier 
spacing (b = 1/f scs ), whereby f scs is the subcarrier spac- 
ing in Hz. According to the present invention, the length 
a of one OFDM/TDMA-timeslot can for example corre- 
spond to 1. 1/2, 1/3 or 1/4 GSM-timeslot. 

55 [0028] In Fig. 9, the basic scheme of a transmission 
apparatus according to the present invention is shown. 
Signals 6 to be transmitted are fed into a channel coding 
means 7. The channel coded signals are fed into an 
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interleaving means 8, where they are interleaved 
according to a chosen interleaving depth, for example 
8x8 OFDM/TDMA-frames or 16x8 OFDIWTDMA- 
frames.. In a switch means 9b, pilot symbols generated 
in a pilot symbol generation means 9c are interposed 
and allocated to the data stream of the interleaved sig- 
nals coming from the interleaving means 8. The inter- 
leaved signals are fed into a modulation means 9a, in 
which a OFDM processing is conducted to produce a 
chosen number of subcarriers. The switch means 9b is 
set so that in each GSM-frequency channel known pilot 
symbols are located or modulated on every n-th subcar- 
rier in between the subcarriers carrying and being mod- 
ulated with data signals to be transferred. This part of 
the transmission apparatus is shown in more detail in 
Fig. 15. The subcarriers are transformed in an inverse 
discrete or fast Fourier transformation means 10 into the 
time domain. In a timeslot formation means 11 , the time 
domain bursts are provided with a guard time T G , and 
the time bursts are shaped, for example with a raised 
cosine function. The OFDM/TDMA-timeslots are then 
converted in a D/A-converter 12 from digital into analog 
signals and then upconverted in a RF-upconversion 
means 13 - The thus processed signals are then trans- 
mitted by an antenna 15. A clock generation means 14 
provides the interleaving means 8, the modulation 
means 9a, the switch means 9b, the inverse dis- 
crete/fast Fourier transformation means 10 and the 
timeslot formation means 1 1 with the necessary clock 
signals. The clock generation means 14 can contain a 
switching means to change the clock depending on the 
required transmission system. For example, the clock 
generating means 14 could, controlled by the switching 
means, provide the modulation means 9a with different 
clock signals to produce different numbers of subcarri- 
ers. 

[0029] In Fig. 10, a basic scheme of a receiving appa- 
ratus according to the present invention is shown. An 
antenna 15 receives transmitted signals, which are 
downconverted in a RF-downconversion means 16. 
Then, the downconverted signals are digitized in a A/D- 
converter 17. The thus converted signals are trans- 
formed in a discrete/fast Fourier transformation means 
19 into the frequency range, whereby the discrete/fast 
Fourier transformation means 19 is time and frequency 
synchronized by a time synchronization means 18a and 
a frequency synchronization means 18b. The frequency 
domain signals output by the discrete/fast Fourier trans- 
formation means 19 of the above-mentioned subcarri- 
ers being modulated with data signals, signaling 
signals, pilot signals etc. Are demodulated in a demod- 
ulation means 20a. An estimation means 20b receives 
the pilot symbols within the resulting data stream. 
Thereby, the estimation means 20b of the receiving 
apparatus is set corresponding to the switch means 9b 
and the pilot symbol generation means 9c of the corre- 
sponding transmission apparatus. In other words, in the 
transmission system of the present invention, the trans- 



mission apparatus and the receiving apparatus work on 
the basis of respectively known pilot symbols and of a 
respectively known pilot symbol modulation rate of the 
subcarriers in each GSM-frequency channel. If, for 

5 example, the transmission apparatus is implemented in 
a mobile station and the receiving apparatus is imple- 
mented in a base station of a wireless telecommunica- 
tion system, the mobile station and the base station 
respectively know the pilot symbols and know, which 

10 respective subcarriers are carrying pilot symbols. The 
estimation means 20b of the receiving apparatus com- 
pares the received pilot symbols to the known pilot sym- 
bols, e. g. stored in a memory, and performs an 
estimation of a channel transfer function, e. g. the chan- 

75 nel attenuation, based on the known pilot symbol and 
further performs a time and/or frequency interpolation to 
generate an estimated channel transfer function. By 
means of the estimated channel transfer function, an 
equalization means 20c equalizes the transmitted data 

20 symbols. Thereby, a reliable and correct equalization of 
the transmitted data can be achieved, as will be 
explained in more detail relating to figs. 16 and 17. The 
equalized signals are de-interleaved in a de-interleaving 
means 21 . The de-interleaved signals are then channel 

2s decoded in a channel decoding means 22. The channel 
decoded data 23 can then be further processed as 
required. The time synchronization means 18a, the fre- 
quency synchronization means 18b. discrete Fourier 
transformation means 19, the demodulation means 

30 20a, the estimation means 20b, the equalization means 
20c, and the de-interleaving means 21 are provided 
with the necessary clock signals by a clock generating 
means 52. 

[0030] In the following, advantageous combinations of 

35 subcarrier numbers and numbers of OFDM/TDMA- 
timeslots to be mapped into one or more GSM-timeslots 
are presented as preferred solutions for the backward 
compatibility of a OFDM/TDM A-system in a GSM-sys- 
tem. Thereby, the used frequency slot serving as a 

40 basis for the backward compatibility is 200 kHz, which 
corresponds to the bandwidth of the frequency chan- 
nels of the GSM-system. The number of the subcarriers 
is chosen to assure a backwards compatibility of a 
OFDM/TM DA-system to the GSM-timeslot structure or 

45 GSM-frame structure. Thereby, even multiple of one 
GSM-timeslot or one GSM-frame are subdivided into 
proper designed OFDM/TDMA-timeslots resulting from 
the number of subcarriers. According to the present 
invention it is further ensured that an interleaving utiliz- 

50 ing a cross-interleaving to enhance the time-frequency 
diversity and the GSM-backward compatibility is possi- 
ble. Also, realistic delays, for example for speech sig- 
nals, and relaxed interleaving delay constraints, for 
example for the transmission of data signals, are con- 

55 sidered. The following preferred embodiments are iden- 
tified as the best solutions for an OFDM/TDM A-system 
to be GSM-backward compatible in channel allocation 
(frequency) and time structure (GSM-timeslots or GSM- 



6 



11 



EP 0 938 208 A1 



12 



frames). 

[0031] In the following embodiment it is proposed to 
map 1 , 2, 3 or 4 OFDM/TDMA-timeslots into one GSM- 
timeslot. Thereby, the pre-guard time and post-guard 
time are optional but advantageous. s 

1 st embodiment: 

[0032] In a 1 st embodiment, the total number of sub- 
carriers is 48, whereby one or more subcarriers on the 
borders can be left unmodulated to reduce the interfer- 
ence to adjacent frequency slots. The resulting subcar- 
rier spacing is 200 kHz/48 = 4,166 kHz, which leads to 
a OFDM/TDMA-time burst T OFDM of 48/200 kHz = 240 
\is. The symbol duration (240 us) is therefore very long 
compared to the GSM-symbol duration (range of fis), 
which has the advantage to avoid inter-symbol interfer- 
ence due to the radio channel delay profile. 
[0033] The guard time (pre-guard time and post-guard 
time) in the first embodiment is set to 30 \is, whereby it 
has to be noted that the guard time has to be set 
according to the expected channel delay profile (multip- 
ath environment). The ramp time is set to 10 to 20 jis, so 
that the total OFDM/TDMA-timeslot T s has a length of 
280 to 290 |xs. This fits very well into V£ of the basic 
GSM-timeslot of 576,923 \ls. Therefore, in the 1 st 
embodiment, two OFDM/TDMA-timeslots are mapped 
into one GSM-timeslot with an adaptation time guard, if 
necessary 

[0034] The basic clock is 240^5/64= 3,75jxs. The 
guard time (pre- and post guard time) can be set to 
30jis (pre-guard: 22.5jis= 6 samples, post-guard: 7.5p,s 
= 2 samples) and the ramp time can be set to 15.0jis ( 
= 4 samples) which leads to a total symbol time of 
(250^s/64)*(64+6+2-+4) =285fis. 
[0035] The preferred interleaving scheme in the first 
embodiment bases on an OFDM/TDMA-frame length of 
2,3077 ms, i. e. 8 OFDM/TDMA-timeslots T s . The pre- 
ferred interleaving depth is 8x8 OFDM/TDMA-frames 
(total interleaving delay 18,461 ms) or 16x8 
OFDM/TDMA-frames (total interleaving delay 36,923 
ms). Also an interleaving depth of 12x8 OFDM/TDMA- 
frames is possible (total interleaving delay 27,692 ms). 
An interleaving depth of 8x8 OFDM/TDMA-frames 
therefore allows a data transmission with the same 
interleaver design and performance as in standard 
GSM, whereas an interleaving depth of 16*8 
OFDM/TDMA-frames allows a data transmission with 
the same interleaving delay as in the standard GSM 
system, but with much better performance (interleaving 
gain). 

2 nd Embodiment: 

[0036] In the 2 nd embodiment, the total number of 
subcarriers is chosen to be 32, wherein one or more 
subcarriers at the borders can be left unmodulated to 
reduce the interference to adjacent frequency slots. The 



subcarrier spacing is 200kHz/32 = 6.25kHz, which 
leads to a OFDM/TDMA-burst of 1/6.25kHz = 160jns. 
The guard time (pre- and post guard time) can be set to 
20fis and the ramp time can be set to 10.0|xs, which 
leads to a total OFDM/TDMA-timeslot of 190jis. 3 
OFDM/TDMA-timeslots T s are mapped into one GSM- 
timeslot with an adaptation time guard. In other words, 
one OFDM/TDMA-timeslot T s is mapped into 1/3 of a 
GSM-timeslot. 

[0037] The basic clock is set to 1 60^is/32 = 5\is. To be 
more precise, the guard time (pre- and post guard time) 
can be set to 20jjis (pre-guard: 15.0^s= 3samples, post- 
guard: 5(xs = 1 sample) and the ramp time can be set to 
10.0|xs( = 2 samples) which leads to a total symbol time 
of (160ns/32)*(32+3+1+2) = 190*is. 
[0038] The preferred interleaving scheme for the 2 nd 
embodiment bases on one OFDM/TDMA-frame con- 
taining 6 OFDM/TDMA-timeslots mapped into 2 GSM- 
timeslots. The preferred interleaving depth is 4x4 
OFDM/TDMA-frames (total interleaving delay 18,461 
ms) or 8x4 OFDM/TDMA-frames (total interleaving 
delay 36.923 ms). Also, the interleaving depth can be 
set to 6x4 OFDM/TDMA-frames (total interleaving delay 
27.692 ms). 

3 rd Embodiment: 

[0039] In the 3 rd embodiment, the total number of sub- 
carriers is chosen to be 24, wherein one or more sub- 
carriers at the borders can be left unmodulated to 
reduce the interference to adjacent frequency slots. The 
subcarrier spacing is 200 kHz/24 = 8.33kHz, which 
leads to an OFDM/TDMA-burst of 1/8. 33kHz = 12Q\xs. 
The guard time (pre- and post guard time) can be set to 
15jis and the ramp time can be set to 9ns, which leads 
to a total OFDM/TDMA-timeslot of 144jjis. 4 
OFDM/TDMA-timeslots T s are mapped into one GSM- 
timeslot with an adaptation time guard. The scheme 
according to the 3 rd embodiment is very advantageous 
for fast varying channel environments. In other words, 
one OFDM/TDMA-timeslot T s is mapped into V4 of one 
GSM-timeslot. 

[0040] The basic clock is set to 1 20|ts/32 = 3.75(is. To 
be more precise, the guard time (pre- and post guard 
time) can be set to 15*is (pre-guard: 11-25^s= 
3 samples, post-guard: 3.75ns = 1 sample) and the 
ramp time can be set to 7.5ns ( = 2 samples) which 
leads to a total symbol time of (1 20ns/32)*(32+3+1 +2) = 
142.5ns. 

[0041] The preferred interleaving scheme for the 3 rd 
embodiment bases on one OFDM/TDMA-frame con- 
taining 4 OFDM/TDMA-timeslots mapped into 1 GSM- 
timeslot. The preferred interleaving depth is 4x4 
OFDM/TDMA-frames (total interleaving delay 18,461 
ms) or 8x4 OFDM/TDMA-frames (total interleaving 
delay 36,923 ms). Also, the interleaving depths cap be 
set to 6x4 OFDM/TDMA-frames (total interleaving delay 
27,692 ms). 
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4 th Embodiment 

[0042] In the 4 th embodiment, the total number of sub- 
carriers is chosen to be 104, wherein one or more sub- 
carriers at the borders can be left unmodulated to 5 
reduce the interference to adjacent frequency slots. The 
subcarrier spacing is 200kHz/104 = 1.923kHz, which 
leads to a OFDM/TDMA-burst of "1/1 .923kHz = 520jis. 
The guard time (pre- and post guard time) can be set to 
25\xs and the ramp time can be set to 15jis, which leads 10 
to a total OFDM/TDMA-timeslot of 560}is. One 
OFDM/TDMA-timeslot is mapped into one GSM times- 
lot with an adaptation guard of 1 7\xs. 
The basic clock is set to 520p,s/128 = 4.0625*is. To 
be more precise, the guard time (preand post guard is 
time) can be set to 28 4375^is (pre-guard: 20.3125^ts 
= Ssamples, post-guard: 8.125*is = 2 sample) and 
the ramp time can be set to 12.1 875|^s ( = 3 sam- 
ples) which leads to a total symbol time of 
(520fis/1 28)*(1 28+5* 2+3) = 560.625juls. 20 
[0043] The interleaving scheme is the same as for 
GSM (8 frames within the 8 TDMA). 
[0044] In all the above described embodiments, the 
interleaving scheme can be dynamically changed for 
various data rates. For applications with less severe 25 
delay requirements, e. g. for data services or picture 
and video services, the interleaver schemes of the 
above described embodiments can be enhanced to dra- 
matically improve the time and frequency diversity 
effect. However, to ensure GSM-compatibility, 2, 4 and 8 30 
GSM-timeslots for the mapping schemes utilizing 1 
GSM-timeslot are preferred. For the mapping schemes 
using one GSM-frame as a basic OFDM/TDMA-frame, 
multiples of 1,2 and 4 are preferred. 
[0045] The above presented compatibility schemes 35 
allow the combined usage of OFDM/TDMA-and GSM- 
systems with a minimum adaptation effort. Also, a 
GSM- to OFDM/TDMA-handover and vice versa can be 
easily performed. The interoperation of the two systems 
is described in one following example referring to figs. 40 
11 and 12. 

[0046] In Fig. 11 , a principle OFDM/TDMA-frame con- 
sisting of 8 OFDM/TDMA-timeslots is mapped into half 
GSM-timeslots, which results in a total of 16 
OFDM/TDMA-timeslots being mapped into 8 GSM- 45 
timeslots. In other words, 2 OFDM/TDMA-timeslots are 
mapped into 1 GSM-timeslot. In Fig. 11, a subframe of 
2,308 ms containing 8 OFDM/TDMA-timeslots is 
shown. A OFDM/TDMA-timeslot 24 is a timeslot for 
receiving data, the OFDM/TDMA-timeslot 25 is a times- so 
lot for transmitting data, and a OFDM/TDMA-timeslot 26 
is the next corresponding timeslot for receiving data in 
the next subframe. Between two timeslots 25 and 26, a 
slow frequency hopping can occur. The subframe length 
of 2,308 ms allows 16 subframes in 36,923 ms. This is ss 
important for the interleaving means used according to 
the present invention. The interleaving means spreads 
the data bits over 16 subframes, which gives a good 



robustness against transmission errors using time, fre- 
quency and interference diversity, and the overall inter- 
leaving delay is still only 36,92 ms. As explained above, 
a small interleaving delay is important for speech con- 
nections due to the real time requirement. The interleav- 
ing of the 16 OFDM/TDMA-subframes corresponds 
exactly to the interleaving depth of 8x8 GSM-frames 
having a length of 36,923 ms. 

[0047] With the parameters explained above, the 
OFDIWTDMA-system can coexist with the existing 
GSM-system and is backward compatible in timeslots, 
frequency and interleaving. Furthermore, the systems 
can coexist in a common system with a common allo- 
cated frequency range. One advantage of the present 
invention is that multiple timeslots and/or multiple fre- 
quency slots can be allocated to one user to enhance 
the data rate. In Fig. 12, a time-frequency grid in a com- 
mon OFDM/TDMA- and GSM-system is shown. Fig. 12 
shows the time/frequency slot allocation for 3 
OFDM/TDMA users and 1 GSM user. The 
OFDM/TDMA users use schemes as explained in rela- 
tion to Fig. 1 1 with one OFDM/TDMA-timeslot mapped 
into one half of a GSM-timeslot. Two of the 
OFDM/TDMA-users transmit data with a normal data 
rate within the GSM-frequency channel of 200 kHz, 
whereas the third OFDM/TDMA user transmits data 
with a high data rate within 4 GSM frequency channels. 
[0048] The GSM-user uses a receiving GSM-timeslot 
27, a transmitting GSM-timeslot 28, a receiving GSM- 
timeslot 29 and a transmitting GSM-timeslot 30. 
Between the transmitting GSM-timeslot 28 and the 
receiving GSM-timeslot 29, a slow frequency hopping 
takes place, and between the respective receiving and 
transmitting GSM-timeslots. a TDMA-process is carried 
out. The first OFDM/TDM A-user transmitting data with a 
normal data rate uses a first receiving OFDM/TDMA- 
timeslot 38, the transmitting OFDM/TDMA-timeslot 39, 
a receiving OFDM/TDMA-timeslot 40, a transmitting 
OFDM/TDMA-timeslot 41, a receiving OFDM/TDMA- 
timeslot 42, a transmitting OFDM/TDMA-timeslot 43 
and a receiving OFDM/TDMA-timeslot 44. Between the 
respective receiving and transmitting OFDM/TDMA- 
timeslots, a TDMA-process is carried out, whereas 
between the respective transmitting timeslots and the 
next receiving timeslot, a slow frequency hopping takes 
place. The same is true for a second user, which uses a 
receiving OFDM/TDMA-timeslot 45. a transmitting 
OFDM/TDMA-timeslot 46, a receiving OFDM/TDMA 
timeslot 47, a transmitting OFDM/TDMA-timeslot 48, a 
receiving OFDM/TDMA-timeslot 48, a transmitting 
OFDM/TDMA-timeslot 50 and a receiving OFDM/TDMA 
timeslot 51. The third OFDM/TDMA user transmitting 
data with a high data rate uses a receiving 
OFDM/TDMA-timeslot 31 , a transmitting OFDM/TDMA- 
timeslot 32, a receiving OFDM/TDMA-timeslot 33, a 
transmitting OFDM/TDMA-timeslot 34, a receiving 
OFDM/TDMA-timeslot 35, a transmitting OFDM/TDMA- 
timeslot 36 and a receiving OFDM/TDMA-timeslot 37. 
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Also for the third OFDM/TDMA-user, a TDMA-process- 
ing is carried out between respective receiving and 
transmitting timeslots, and a slow frequency hopping is 
taking place between respective transmitting and 
receiving timeslots. 5 
[0049] In Fig 13, a clock generating means 52 for a 
transmission and/or receiving apparatus is shown which 
is capable of producing the necessary clocks both for a 
GSM-system and an OFDM/TDM A-system according to 
the present invention. The clock generating means 52 is 10 
based on the use of a common reference clock of 26 
MHz, which is used in the GSM-system. The clock gen- 
erating means 52 comprises an oscillator 53 which gen- 
erates a 26 MHz clock. The clock generating means 52 
further comprises a number of dividers and/or multipli- 15 
ers 54 to 70, which are selectively chosen for the used 
OFDM/TDMA-system. In Fig. 13, all possible dividers 
and multipliers are shown to produce the necessary 
clocks for all the embodiments described in the present 
application. However, the elements not necessary for 20 
the respectively chosen embodiment can be omitted. 
[0050] The output of the oscillator 53 is divided by 65 
in a divider 54 and further divided by 2 in respective 
dividers 55 and 56 to produce a clock of 200 kHz for the 
GSM-system and the OFDM/TDMA-system, respec- 25 
tively. In the OFDM/TDMA-system, the 200 kHz clock is 
the basic clock for the mapping of 3 OFDM/TDM A 
timeslots into one GSM timeslot. In the GSM-system, 
the 200 kHz clock is the carrier and synthesizer refer- 
ence clock. 30 
[0051 ] The output of the divider 54 is multiplied by 2 in 
a multiplier 57 and further divided by 3 in a divider 58 to 
generate a clock of 266.666 kHz which is the basic clock 
in the OFDM/TDMA-system for the mapping of one 
OFDM/TDMA-tirheslot into one GSM timeslot and for 35 
the mapping of 4 OFDM/TDMA timeslots into one GSM 
timeslot. The output of the multiplier 57 is further multi- 
plied with 4 in a multiplier 59 and then divided by 13 in a 
divider 60 to produce a clock of 246.154 kHz which is 
the basic clock in the OFDM/TDMA system for the map- 40 
ping of one OFDM/TDMA timeslot in one GSM timeslot. 
[0052] The output of the oscillator 53 (26 MHz) is 
divided by 2 in a divider 61 and further divided by 48 in 
a divider 62 to produce a clock of 270.83 kHz, which is 
the bit clock in the GSM-system: The output of the 45 
divider 61 is further divided by 625 in a divider 63 and 
then divided by 4 in a divider 64 to produce a clock of 
5.20 kHz, which is the necessary clock in the 
OFDM/TDMA-system for the mapping of 3 
OFDM/TDMA timeslots into one GSM timeslot. so 
[0053] The output of the divider 63 is further divided 
by 3 in a divider 65 to produce a clock of 6.933 kHz, 
which is a necessary clock for the OFDM/TDMA-system 
for the mapping of 4 OFDM/TDMA timeslots into one 
GSM timeslot. The output of the divider 65 is further ss 
divided by 2 in a divider 66 to produce a clock of 3.466 
kHz. which is a necessary clock in the OFDM/TDMA- 
system for the mapping of 2 OFDM/TDMA timeslots into 
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one GSM timeslot. The output of the divider 66 is further 
divided by 2 in a divider 67 to produce a clock of 1 .733 
kHz, which is a necessary clock in the OFDM/TDMA- 
system for the mapping of one OFDM/TDMA timeslot 
into one GSM timeslot. The clock of 1 .733 kHz is also a 
necessary clock in the GSM-system for the GSM times- 
lots. 

[0054] The output of the divider 67 is further divided 
by 2 in a divider 68 to produce a clock of 866.66 Hz, 
which is the frame clock in an OFDM/TDMA-system, in 
which the operation mode is based on frames of a dura- 
tion of 1 .1538 ms (which is exactly Vi of the GSM frame 
length). The output of the divider 68 is further divided by 
2 in a divider 69 to produce a clock of 433.33 Hz, which 
is the frame dock in an OFDM/TDMA-system, in which 
the operation mode is based on frames of a duration of 
2,3077 ms (which is exactly V& of the GSM frame 
length). The output of the divider 69 is further divided by 
2 in a divider 70 to produce a clock of 216.66 Hz, which 
is the frame clock in an OFDM/TDMA-system in which 
the operation mode is based on frames of a duration of 
4,6154 ms (which is exactly one GSM frame length). 
The clock of 216.66 Hz is also the frame clock in the 
GSM-system. 

[0055] Using the proposed division rates and clock 
multipliers all necessary clock signals for generating the 
necessary OFDM/TDM A-timeslots and bursts can be 
easily generated. A system, not using all the proposed 
OFDM/TDMA-structures can be implemented omitting 
the not-used branches in the shown clock tree. All the 
parameters (subcarrier number, subcarrier spacing, 
mapping into GSM-timeslots, FFT resolution) have 
been specified to be easily GSM compatible and can be 
derived from a common GSM clock oscillator. 
[0056] The present invention comprises a burst (time- 
domain) and frequency slot allocation of a 
OFDM/TDMA-system, which is as far as possible back- 
ward compatible to the existing GSM-burst and fre- 
quency structure. The parameters of the OFDM/TDMA- 
system are chosen to support flexible band width serv- 
ices in the mobile environment. 
[0057] Fig. 1 4 shows a schematic diagram for explain- 
ing the allocation of the pilot symbols according to the 
present invention. In Fig. 14, a OFDM/TDMA-channel 
U 0 is shown. The channel U 0 shown in this example 
comprises six GSM-frequency-channels. As explained 
above, the transmission band of the OFDM/TDMA sys- 
tem can be different from the GSM transmission band 
so that the subcarriers are allocated corresponding to 
the bandwidth of the GSM frequency channels. In the 
explained case, however, the OFDM/TDMA channels 
are allocated to the GSM frequency channels. Since the 
bandwidth of one GSM-frequency-channel is 200 kHz, 
the bandwidth of the channel U 0 in this case is 1 ,2 MHz. 
The case shown in Fig. 14 corresponds to the first 
embodiment explained above, in which the total number 
of subcarriers allocated to one GSM-frequency-channel 
is 48, so that two OFDM/TDMA-timeslots 101 and 102 
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are mapped into one GSM-timeslot, which has a dura- 
tion of 5676,9 fis. The general structure of the 
OFDM/TDMA-channel U 0 in this example is shown in 
Fig. 14A. 

[0058] In Fig. 14B, subcarriers 1 allocated to the 
GSM-frequency-channel having a bandwidth of 200 
kHz are shown in more detail. For the sake of clarity, 
only half of the number of 48 subcarriers, namely 24 
subcarriers 1 are shown in Fig. 14B. The allocation of 
48 subcarriers 1 to one GSM-frequency-channel has 
the consequence of two OFDM/TDMA-timeslots 101, 
102 being mapped into one GSM-timeslot, as becomes 
clear from Fig. 14. The first OFDM/TDMA-timeslots 101 
are shown in the left column of Fig. 14B and Fig. 14C, 
respectively, whereas the second OFDM/TDMA-times- 
lot 102 is shown in the right column of Fig. 14B and 14C, 
respectively. 

[0059] In Fig. 14B, a pilot symbol 100' is allocated to 
every 6 th subcarrier 1. Thereby, the subcarriers of the 
first OFDM/TDMA-timeslot 101 being modulated with 
pilot symbols 100 and the subcarriers 1 of the second 
OFDM/TDMA-timeslots being modulated with pilot sym- 
bols 100' are interlaced, so that the pilot symbols 100' of 
the second timeslot 102 have the respective middle fre- 
quency of the pilot symbols 1 00 of the timeslot 101. The 
same is true for the example shown in Fig 14C, in which 
a pilot symbol 103, 103' is allocated to every 8 th subcar- 
rier 1. The subcarriers 1 shown in Fig. 14B and 14C t 
which are not modulated with a pilot symbol 1 , are mod- 
ulated with data signals. The example shown in Fig. 14B 
has a pilot symbol density of 1/6 = 16,6%. The example 
shown in Fig. 14C has a pilot symbol density of 1/8 = 
12,5%. 

[0060] It has to be noted, that in the case of the sec- 
ond, third and forth embodiment explained above, the 
number of subcarriers within one GSM-timeslot is differ- 
ent from the number of subcarriers shown in Fig. 14 and 
also the number of OFDM/TDMA-timeslots comprised 
in one GSM-timeslot can be 1, 3 or 4. In the cases, in 
which 3 or 4 OFDM/TDMA-timeslots are comprised in 
one GSM-timeslot, the interlacing scheme explained in 
Fig. 14 has to be applied correspondingly. 
[0061 ] In Fig. 1 5, a portion of the block diagram shown 
in Fig. 9 is explained in more detail. The interleaving 
means 8 supplies a data stream, e. g. data signals do d n 
.... via the switch means 9b to the modulation means 9a. 
The switch means 9b interposes pilot symbols p 0 , pi. 
P2. P3 - generated in a pilot symbol generation means 
9c, which can be for example a memory, in between the 
data of the data stream, so that a pilot symbol is allo- 
cated and modulated on every n-th subcarrier gener- 
ated in the succeeding modulation means 9a. In the 
example shown in Fig. 15, the switch means 9b inter- 
poses a pilot symbol between the data of the data 
stream so that a pilot symbol is allocated to every 6 th 
subcarrier generated the modulation means 9a. This 
case corresponds to the case shown in Fig. 14B. 
[0062] A receiving apparatus, an example of which is 



shown in Fig. 10, uses the transmitted pilot symbols to 
estimate a channel transfer function. The estimated 
channel transfer function is for example the channel 
attenuation. An exemplary explanation of the estimation 

5 of the channel attenuation in the estimation means 20b 
and the corresponding equalization of the received data 
signals in the equalization means 20c of the receiving 
apparatus according to the present invention is given 
relating to Fig. 16 and 17. 

io [0063] In Fig. 16, an example for a channel attenua- 
tion in case of an indoor environment is shown. The 
transmission system according to the present invention 
comprising a base station (receiving apparatus) and 
one or more mobile stations (transmission apparatus) in 

75 this case is for example used within a building, so that 
the moving velocity of the mobile stations is compara- 
tively slow and multipath effects are not so important, so 
that the channel attenuation is a generally flat curve, as 
can be seen in Fig. 16. In this case, only a smaller 

20 number of pilot symbols is sufficient to allow thie receiv- 
ing apparatus to perform a correct estimation of the 
channel attenuation. The estimation means 20b com-, 
pares the received pilot symbols with known pilot sym- 
bols, which are for example stored in a memory, and 

25 performs a time and/or frequency interpolation for the 
data modulated subcarriers. The example shown in Fig. 
16 can thereby relate to the example shown in Fig. 14C t 
in which every n-th subcarrier carries a pilot symbol. In 
this case, the pilot symbols of the two adjacent 

30 OFDM/TDMA-timeslots 101 and 102 are interlaced. 
Thus, the estimation means 20b calculates an esti- 
mated attenuation value for each pilot symbol 1 00 of the 
first OFDM/TDMA-timeslot 101, and a channel attenua- 
tion value for the pilot symbols 100' of the second 

35 OFDM/TDMA-timeslot 102. As can be seen in Fig. 16, 
the pilot symbols 100 and 100' are interlaced equidis- 
tantly. Then, the estimation means 19b estimates an 
interpolation curve connecting the calculated channel 
attenuation values for the power symbols 100 and 100' 

40 - The calculated or estimated channel attenuation curve 
is then used by the equalization means 20c for equaliz- 
ing the transmitted data signals. 
[0064] In Fig. 17, an channel attenuation curve is 
shown for an outdoor environment. As can be seen in 

45 Fig 1 7, the curve shows more variations than the curve 
for the indoor environment shown in Fig. 16. Therefore, 
more pilot symbols are necessary in this case to assure 
a correct equalization of the transmitted data signals. 
Therefore, and as can be seen in Fig. 17, more pilot 

so symbols are allocated to the subcarriers in each GSM- 
frequency-channel. In this case, for example every 4 th 
subcarrier could be modulated with a pilot symbol. As 
can be seen from Figs. 16 and 1 7, the estimation means 
20b estimates a channel transfer function, e. g. the 
.55 channel attenuation, by detection the amplitude and the 
phase changes of the received known pilot symbol sub- 
carriers. Thereby, two-dimensional equalization-interpo- 
lation schemes, e. g. time-domain interpolation using 
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20 



multiple adjacent OFDM/TDM A-timesI ots and/or fre- 
quency domain interpolation using pilot symbol subcar- 
riers are used. The position of the pilot symbols 
allocated equidistantly to corresponding subcarriers is, 
in the case of multiple adjacent OFDM/TDMA-timeslots, 
different for each OFDM/TDMA-timeslot. 

Claims 



1. 



2. 



3. 



Transmission method for transmitting signals on the 10 
basis of a OFDM/TDMA-system, comprising the 
steps of 

allocating a plurality of subcarriers being 
orthogonal to each other to a variable number is 
of channels U 0 , Ui ... U 9 , each channel con- 
taining a variable number of subcarriers (1) 
depending on information to be transmitted in 
said signals, 

wherein, for the transmission of said signals in 20 
a GSM-system having a constant number of 
predetermined GSM-frequency-channels and 
a constant number of predetermined GSM- 
timeslots being grouped in GSM-frames, a 
number of said subcarriers (1) is allocated cor- 25 
responding to the bandwidth of said GSM-fre- 
quency-channels, so that a multiple of one 
resulting OFDM/TDMA-timeslot (T s ) matches 
with one or a multiple of one GSM-timeslot, 
wherein a pilot symbol is allocated to every n-th 30 
subcarrier, n being an integer and n>1, and 
transmitting said signals. 

Transmission method according to claim 1 , 
characterized in, 35 

that in case that a multiple of one resulting 
OFDM/TDMA-timeslot (T s ) matches with one 
GSM-timeslot, the pilot symbols in adjacent 
OFMD/TDMA-timeslots are frequency inter- 40 
laced in respect to each other. 

Transmission method according to claim 2, 
characterized in, 



4. 



that the pilot symbols in adjacent 
OFDM/TDMA-timeslots are symmetrically 
interlaced, whereby one pilot symbol is allo- 
cated to a subcarrier in the frequency middle 
between two respective pilots symbols of an 
adjacent OFDM/TDMA-timeslot. 

Transmission method according to claim 1 ,2 or 3, 
characterized in, 

that 48 of said subcarriers are allocated corre- 
sponding to the bandwidth of said GSM-fre- 
quency channels, so that 2 OFDM/TDMA- 



45 



so 



55 



timeslots match with 1 GSM-timeslot, whereby 
n=6 or n=8. 

Transmission apparatus for transmitting signals on 
the basis of a OFDM/TDMA-system comprising 

allocation means for allocating a plurality of 
subcarriers being orthogonal to each other to a 
variable number of channels (U 0 , U-j ... U 9 ), 
each channel containing a variable number of 
subcarriers (1) depending on information to be 
transmitted in said signals, wherein said alloca- 
tion means, for the transmission of said signals 
in a GSM-system having a constant number of 
predetermined GSM-frequency-channels and 
a constant number of predetermined GSM- 
timeslots being grouped in GSM-frames, allo- 
cates a number of said subcarriers (1) corre- 
sponding to the bandwidth of said GSM- 
frequency-channels, so that a multiple of one 
resulting OFDM/TDMA-timeslot (T s ) matches 
with one or a multiple of one GSM-timeslot, and 
for allocating a pilot symbol to every n-th sub- 
carrier, n being an integer and n>1, and 
transmission means for transmitting said sig- 
nals. 

6. Transmission apparatus according to claim 5, 
characterized by, 

that said allocation means, in case that a multi- 
ple of one resulting OFDM/TDMA-timeslot (T s ) 
matches with one GSM-timeslot, allocates the 
pilot symbols in adjacent OFDM/TDMA-times- 
lots so that they are frequency interlaced in 
respect to each other. 

7. Transmission method according to claim 6, 
characterized by, 

that in said allocation means, the pilot symbols 
in adjacent OFDM/TDMA-timeslots are sym- 
metrically interlaced, whereby one pilot symbol 
is allocated to a subcarrier in the frequency 
middle between two respective pilot symbols of 
an adjacent OFDM/TDMA-timeslot. 

8. Transmission apparatus according to claim 5. 6 or 
7, 

characterized in, 

that in said allocation means, 48 of said sub- 
carriers are allocated corresponding to the 
bandwidth of said GSM-frequency channels, 
so that 2 OFDM/TDMA-timeslots match with 1 
GSM-timeslot, whereby n=6 or n=8.. 

9. Receiving method for receiving signals transmitted 
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by means of a transmission method according to 
one of the claims 1 to 4, 
characterized by 
the steps of 

5 

receiving the transmitted signals, 
estimating a channel transfer function on the 
basis of the received pilot symbols, 
equalizing data symbols transmitted in said sig- 
nals on the basis of the estimated transfer tunc- 10 
Won. 

10. Receiving method according to claim 9, 
characterized in 

15 

that said estimating step a time and/or fre- 
quency interpolation on the basis of the 
received pilot symbols is performed to gener- 
ate said estimated channel transfer function. 

20 

1 1 . Receiving method according to claim 9 or 1 0, 
characterized in 

that said channel transfer function is the chan- 
nel attenuation. 25 

12. Receiving apparatus for receiving signals transmit- 
ted by means of a transmission method according 
to one of the claims 1 to 4, 

characterized by 30 

a receiving means for receiving the transmitted 
signals, 

an estimation means for estimating a channel 
transfer function on the basis of the received 35 
pilot symbols, 

an equalization means for equalizing data sym- 
bols transmitted in said signals on the basis of 
the estimated transfer function. 

40 

13. Receiving apparatus according to claim 12, 
characterized in, 

that said estimation means performs a time 
and/or frequency interpolation on the basis of 45 
the received pilot symbols to generate said 
estimated channel transfer functions 

14. Receiving apparatus according to claim 12 or 13, 
characterized in, so 

that said channel transfer function is the chan- 
nel attenuation. 

1 5. Transmission system comprising at least one trans- ss 
mission apparatus according to one of the claims 5 

to 8 and a receiving apparatus according to one of 
the claims 12 to 14. 



12 



EP 0 938 208 A1 



"9 »8 "7 "6 H5 «4 »3 



s ■v.v.^.v. s 



v,s , s 



Rg- 1 



u, 



Fig. 2 



13 



EP 0 938 208 A1 




Fig. 3 



U 5 U 4 U, U, U, u 0 

V , S , S 3 , V , S,S 



fig. 4 



14 



EP 0 938 208 A1 



Guord/2 



Used port of the slot (576.9-30.5)/*s 



Guord/2 



-ft 



1 TDMA Slot (15/26 ms = 576.9/ts ) 



Fig. 5 



576.9/*s 



RX-Burst 



1730.8/iS 



TA 



576.9/is 



TX-Burst 



< C jFreq.Hopj > . 



RX-Burst 



1 TDMA Frome (120/26 ms = 4615.4|*s) 



Rg. 6 



. T G . 


T 0FDM 






Guord 
Time 


Modulation-Period( 1 /su bcarrier- spacing 





Fig. 7 



T s , modulotion period (o/is) 



pre idle effective modulotion period(bus] 
time (f/is) v 



2 



pre-guard time(cjis) 



romp lime (d /is) 



post-idle 
time (f /is) 



Fig. 8 



ramp time(d/is) 
post-guard time(e/*s) 



15 



EP 0 938 208 A1 





16 



EP 0 938 208 A1 



24- 













RX-Slot 


, TA 
25-^ 


TX-S!ot 


^Freq.Chang^ 


RX-Slot 



-26 



Rg.11 



200 kHz 




288.46ms 



576.9 ms 



OFDM/ d 1 



RX 



TX 




Rg. 12 



17 



EP 0 938 208 A1 




18 



EP 0 938 208 A1 







1 Bandslot 
(200kHz) 







576.9j*s 



101 102 

s s 



101 102 

S S 




Pilot (1/6) 
n=6 



Pilot (1/8) 
n=8 



Rg. 14A Fig. 14B 



Fig. HC 



Rg.H 



19 



EP 0 938 208 A1 



to 

0"> 




20 



EP 0 938 208 A1 




21 



EP 0 938 208 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 10 3101 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 
A 



Citation of document with indication, where appropriate, 
of relevant passages 



EP 0 810 746 A (SONY) 

* figures 2,3,9A * 

* column 3, line 22 - 1 ine 37 * 

* column 4, line 51 -line 56 * 

* column 5, line 32 - line 36 * 

EP 0 752 779 A (NOKIA) 

* column 9, line 3 - line 11 * 

* claim 2 * 

EP 0 786 890 A (SONY) 

* page 2, line 37 - line 39 * 

* page 3, line 18 - line 20 * 

* page 3, line 54 - line 57 * 

* page 2, line 28 - line 31 * 

* claims 1-5 * 

* figures 2,6,7 * 

EP 0 760 564 A (TELIA) 

* page 2, line 3 - line 6 * 

WO 97 01256 A (ERICSSON) 

* page 2, 

* page 3, 

* page 4, 

* page 8, 



line 25 - line 27 * 

line 29 - page 4, line 3 

line 28 - page 5, line 15 * 

line 1 - line 8 * 



EP 0 562 868 A (WI LAN) 



* figures 6A,6C * 

* page 4 t line 50 

* page 5, line 54 

* page 6, line 15 



line 57 * 
line 56 * 
line 23 * 



The present search report has been drawn up for all claims 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



1,2,4,5 



H04L5/02 
H04L27/26 



1,2,5,6 



1,2,5,6 



1,2,5,6 
1,2,5,6 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



H04L 



1,2,5,6, 
9-15 



Place of search 

THE HAGUE 



Date of completion of the search 

23 April 1998 



Examiner 

Scriven, P 



s 



CATEGORY OF CITED OOCUMENTS 

X . particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-wrrtten disclosure 
P - intermediate document 



T . theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
O : document cited tn the application 
L : document cited for other reasons 



A : member of the same patent family, corresponding 
document 



22 



EP 0 938 208 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 10 3101 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



LARSSON ET AL. : "Mixed traffic in multi 
carrier system" 

1996 IEEE VEHICULAR TECHNOLOGY CONFERENCE, 
28 April 1996 - 1 May 1996, NEW YORK, US, 
pages 1259-1263, XP000593147 

* page 1762, right-hand column, paragraph 
2 - page 1763, left-hand column, paragraph 
1 * 

EP 0 441 731 A (ETAT FRANQAIS; 
TELEDIFFUSION DE FRANCE) 

* figures 2,6B * 

EP 0 734 132 A (TOSHIBA) 

* figures 1,7,13,14,16 * 

EP 0 825 741 A (SONY) 

* figures 1,2,7,9 * 

* column 3, line 42 - line 51 * 

* column 4, line 6 * 



The present search report has been drawn up for all claims 



Relevant 
to claim 



1,2,5,6 



1-3,5-7, 
9-15 



1-3,5-7, 
9-15 



1,4,9,12 



CLASSIFICATION OF THE 
APPLICATION Ont.Cf.6) 



TECHNICAL FIELDS 
SEARCHED (lntCI.6) 



Ptac« of search 

THE HAGUE 



Data ot correlation of the Match 

23 April 1998 



Examiner 

Scrlven, P 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant if taken alone 

Y : particularly relevant H combined with another 

document of the same category 
A technological background 
O : non-wntten disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L ' document cited for other reasons 

& : member of the same patent f amity, corresponding 
document 



23 



EP 0 938 208 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 10 3101 



Thts annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EOP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of Information. 

23-04-1998 



Patent document 


Publ ication 




Patent family 


Publication 


cited in search report 


date 




member(s) 


date 


cr Uol0/4o 


* 

A 




Or 


non coo a 
9321082 A 


- 

12-12-97 


EP 0752779 


A 


08-01-97 


FI 


953283 A 


04-01-97 


CD n70£0ftA 

tr U/oooyO 


A 


ou-u/-y / 


JP 


9205411 A 


05-08-97 








A 1 1 

AU 


1234997 A 


07-08-97 


EP 0760564 


A 


05-03-97 


NO 


963489 A 


03-03-97 








SE 


9502963 A 


01-03-97 


W0 9701256 


A 


09-01-97 


US 


5726978 A 


10-03-98 








AU 


6247696 A 


22-01-97 








FI 


974555 A 


18-12-97 


EP 0562868 


A 


29-09-93 


CA 


2064975 A 


28-09-93 








US 


5282222 A 


25-01-94 


EP 0441731 


A 


14-08-91 


FR 


2658016 A 


09-08-91 








DE 


69123858 D 


13-02-97 








0E 


69123858 T 


24-07-97 








US 


5274629 A 


28-12-93 


EP 0734132 


A 


25-09-96 


JP 


8265293 A 


11-10-96 








CA 


2171418 A 


24-09-96 








CN 


1138256 A 


18-12-96 


EP 0825741 


A 


25-02-98 


JP 


10065604 A 


06-03-98 















For more details about this annex : see Official JoumaJ of the European Patent Office. No. 12/82 



24 



